Aims We tested whether parental alcohol use disorder (AUD) predicted adult offspring's likelihood of marriage and marriage to an AUD-affected spouse; whether effects differed as a function of the sex or number of affected parents; and whether they were robust to confounders. Design Sex-stratified Cox and logistic regression models. Setting Sweden. Participants A total of 1 171 070 individuals (51.40% male) born 1965-75. Measurements Obtained from legal, medical and pharmacy registries. Predictor was parent AUD. Outcomes were marriage and spouse AUD. Adjustments included offspring birth year and AUD; and parental education, marriage, divorce, criminal behavior and drug abuse.
INTRODUCTION
Alcohol use disorder (AUD) is a common and costly disorder [1] , and in 2010 alone affected an estimated 4.1% of the global population and accounted for nearly 18 million disability-adjusted life years [1, 2] . The toll of AUD reaches beyond afflicted individuals, and in particular impacts immediate family members [3] . A number of questions remain about the long-term consequences of parental AUD on offspring. Despite the popular belief that the offspring of AUD-affected parents experience psychosocial difficulties in adulthood, there is often limited empirical support for this perception [4, 5] . Here, we tested whether parental AUD was associated with offspring marital outcomes, including the likelihood of marriage and the probability of marrying an AUD-affected spouse. Mapping these associations is important both for clarifying the legacy of parental AUD on adult offspring's adjustment and for understanding how parental AUD may contribute to offspring's selection into or creation of marital environments that may, in turn, change their own likelihood of developing AUD [6, 7] .
Studies of parental AUD and the likelihood of offspring marriage show mixed results. In cross-sectional analyses of a US national sample (aged , parental alcohol problems were associated with a higher probability of marriage [8] , while analyses of another US national sample (adults aged 18+) found a lower probability of being married [9] . Finally, in a US community sample (aged 40+), parental AUD was not associated with likelihood of marriage but was associated with earlier age at marriage [10] . It is difficult to compare these studies directly to one another owing to differences in how they operationalized marital status (i.e. current versus lifetime marriage); however, one possible explanation for these mixed results is that age-dependent patterns are obscured in cross-sectional analyses of samples that include a range of different ages.
Although it is popularly believed that parental AUD is associated with an increased likelihood of partnering with an affected spouse [11] , the findings are also mixed. Hall et al. [12] found that male AUD probands with problemdrinking mothers were more likely to have problemdrinking wives or wives who were abstinent. Schuckit [13] found that daughters (but not sons) with a family history of AUD were more likely to have AUD-affected spouses. In contrast, McLeod [14] found no association between individuals' parental histories of alcohol or drug use and their spouses' alcohol or drug dependence. Similarly, Schuckit et al. [15] found no elevation in parental AUD among women who married AUD-affected men.
Sher [4] and others [5] suggest that inconsistencies emerging from studies of the outcomes of adult children of AUD-affected parents may be attributable to small sample sizes, restrictive sampling strategies and imprecise measurement of parental AUD. Thus, there is a need for adequately powered population-based samples with clear measurement to understand the legacy of parental AUD fully [5, 9, 11] . In the present study, we address these limitations and use population-based data from Swedish national registries to examine the associations between parental AUD and offspring marital outcomes. This sample also makes it possible to extend the prior literature to consider more nuanced questions about whether having two affected parents is associated more strongly than having just one, and whether the sex of the affected parent matters.
We examined two questions: (i) is parental AUD associated with the likelihood of offspring marriage and are these effects age-dependent and (ii) is parental AUD associated with marrying an AUD affected spouse? For each of these questions, we examined whether the pattern of effects differed as a function of the number of affected parents; the sex of the affected parent; and whether any observed effects of parental AUD on offspring marital outcomes were robust to statistical controls for potential confounders. Selected confounders included offspring year of birth (to account for potential cohort differences), offspring AUD prior to marriage (to control for selection effects), parental education (proxy for socio-economic status), parental marital history (marriage and divorce) and other parental externalizing behaviors (criminal behavior and drug abuse). We selected these covariates in order to examine uniqueness and specificity of the associations between parental AUD and offspring marital outcomes, above and beyond other correlated factors [16, 17] , including the offspring's own AUD.
METHODS

Sample
We linked nation-wide Swedish registers using unique identification numbers (replaced with anonymized serial numbers) assigned at birth or immigration to all Swedish residents. Only Swedish-born residents were included in the current analyses. Because registry data are available for different time-frames, we used individuals born between 1965 and 1975 to maximize the availability of information across registries while enabling us to include most individuals who had reached the average age of marriage in Sweden and for whom data on parental AUD were available.
Data came from a series of population registries, which are detailed in [7, 18] . Briefly, the population registries used (and the respective data from each) included: the Total Population Register (marital status from 1968 and family ID from 1990); Swedish Census (information on household 
Measures
Outcome variables
There were two outcomes of interest: marriage (up to the end of observations, in 2013) and marriage to an individual with a lifetime history of AUD. For the latter outcome, we studied marriage before age 40. We elected to consider lifetime AUD, rather than AUD prior to or at the time of marriage, under the rationale that characteristics indicative of AUD risk (on which individuals may select spouses) are likely to be present prior to an AUD-related registration. Only the first marriage was considered for the current analyses. Methods for identifying individuals with AUD are detailed elsewhere [19] . Briefly, individuals were classified as having a lifetime history of AUD if they received an alcohol-related primary or secondary medical diagnosis, at least two alcohol-related registrations in the Crime and Suspicion register (e.g. drunk driving) or had a record of a prescription for a drug used to treat AUD (e.g. disulfiram, acamprosate).
Independent variables
For each marital outcome, we tested the effect of a parental lifetime history of AUD, defined using the same criteria as described above. Parental AUD status was operationalized in multiple ways: (i) any AUD parent; (ii) number of affected parents; and (iii) paternal versus maternal history of AUD.
Confounders
Covariates included offspring birth year (by year); parental education, operationalized as the highest level of education attained by either parent and categorized into three levels (1 = compulsory school, 2 = high school and 3 = university); parental marriage, operationalized as any of the biological parents ever married; parental divorce, operationalized as any of the biological parents ever divorced; parental criminal behavior (CB) or drug abuse (DA), as determined from medical and legal prescription registers (for detailed information concerning the International Classification of Disease codes and legal convictions for each, see [20] ); and offspring AUD prior to marriage. Individuals with missing information on any of the parental characteristics were excluded.
Statistical methods
We used Cox proportional hazard methods to model the time to marriage, after age 18, as a function of parental AUD, censoring at death, migration or end of follow-up (2013), whichever came first. Descriptive data suggested a time-varying coefficient for parental AUD, as individuals with parental AUD had a higher probability of marriage at younger ages, but a lower probability at older ages, compared to individuals with no parental AUD. We therefore included two additional parameters representing the change in the hazard ratio (HR) for parental AUD as a function of the logarithm of follow-up time. The first parameters represent how HR changes at younger ages while the second captures the change at older ages. The breakpoint was decided based on lowest Akaike information criterion (AIC) in a crude model. To ease interpretation, we present the HR for parental AUD at specific ages. We used logistic regressions for the marriage to an AUD-affected spouse analyses and included only individuals who had married.
For each marital outcome we ran three models. In our primary model, model 1, we assessed the impact of parental AUD status on each outcome. In model 2, we included the year of birth and parental covariates (education, marriage, divorce, CB and DA) to examine the uniqueness and specificity of parental AUD on offspring marital outcomes above and beyond these potential confounders. In model 3, we examined whether the effects of parental AUD were robust after the addition of the offspring's own AUD status. We investigated the possible impact of number of affected parents and parental sex by taking the sex of parent into account when only one parent was affected. The comparison of interest for these latter analyses was whether a model that distinguished between maternal and paternal AUD fitted better (according to AIC fit statistics, where smaller values indicate better fit) than a model that did not. We present results stratified by offspring sex in view of preliminary analyses that indicated sex differences in some effects. Statistics for comparisons of effects within a model are based on the asymptotic χ 2 , and all analyses were run in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Descriptive statistics
In total, 1 171 070 individuals (51.40% male) met inclusion criteria for the present study. Descriptive statistics for this sample can be found in Table 1 . Descriptive information for the marital outcomes as a function of each operationalization of parental AUD (i.e. AUD in any parent; number of affected parents; and paternal versus maternal AUD) are shown in Supporting information, Tables S1-S3.
Parental AUD and likelihood of offspring marriage
The results from Cox proportional hazard models of marriage as a function of parental AUD are summarized in Table 2 . As shown in model 1 and summarized visually in Fig. 1 , there were age-dependent associations between parental AUD and likelihood of offspring marriage. At younger ages (prior to approximately 25 years of age), a parental history of AUD was associated with a higher likelihood of marriage. However, for those who did not marry by this time, this association changed direction such that, at later ages (approximately ages 25 and older), a parental history of AUD was associated with a lower likelihood of marriage. These hazard ratios were largely the same following the addition of the birth year and the parental education, marriage, divorce, criminal behavior or drug abuse covariates (model 2) and the offspring AUD covariate (model 3).
The results from Cox models of marriage as a function of the number of AUD-affected parents are summarized in Table 3 . As shown in model 1 and summarized visually in Fig. 2 , there were age-dependent associations between the number of affected parents and likelihood of offspring marriage. At younger ages (prior to approximately 25 years of age), having one or two parents with AUD was associated with a higher likelihood of marriage. However, at later ages (approximately ages 25 and older), having one or two parents with AUD was associated with a lower likelihood of marriage. As shown in the illustrative age-specific parameters summarized at the bottom of Table 3 , these associations were generally stronger when individuals had two affected parents versus one. The age-dependent pattern in the hazard ratios was largely the same in the adjusted models (models 2 and 3), with the exception that some of the comparisons between two and one affected parents were no longer significant at older ages (i.e. > 35). Differentiating between parentspecific (i.e. paternal or maternal AUD) worsened model fit for male (AIC any one parent = 8071154.1 versus AIC parent-specific = 8071156.2) and female offspring (AIC any one parent = 8574964.2 versus AIC parent-specific = 8574966.1), indicating no differences as a function of the sex of the affected parent.
Parental AUD and marriage to an AUD-affected spouse
The results from multivariable logistic regression models of whether one married an AUD-affected spouse as a function of parental AUD are summarized at the top of Table 4 . As shown in model 1 and summarized visually in Fig. 3a , Figure 1 Relative risk of offspring marriage as a function of parental alcohol use disorder (AUD), presented at different ages Table 3 Cox models predicting marriage as a function of number of alcohol use disorder (AUD)-affected parents. having an affected parent increased the odds of marrying an affected spouse for both male and female offspring. This association was attenuated somewhat in the adjusted models (models 2 and 3).
The results from multivariable logistic regression models of whether one married an AUD-affected spouse as a function of the number of affected parents are summarized at the bottom of Table 4 . As shown in model 1 and summarized visually in Fig. 3b , having one or two affected parents (compared to no affected parents) increased the odds of having an affected spouse for both male and female offspring. Having two affected parents increased the odds of having an affected spouse compared to having just one affected parent for males [odds ratio (OR) = 1.35 (1.09, 
DISCUSSION
Although it has been hypothesized that parental AUD may have enduring consequences for offspring marital outcomes-including whether and to whom offspring marry -previous investigations have produced inconsistent results and have been hampered by key methodological limitations related to sampling and measurement. We aimed to overcome these limitations and examined these questions using Swedish national registry data. We first asked whether parental AUD was associated with likelihood of marriage in the offspring, and found moderate agedependent effects whereby male and female offspring with an AUD-affected parent were more likely to get married at younger ages, but were less likely to get married at older ages. This pattern was stronger for those who had two versus one AUD-affected parent; did not differ as a function of the sex of the affected parent; and held even after covarying for confounders including parental SES and marital behavior, other parental externalizing disorders and the offspring's own AUD status. Because of the current study's statistical power and consideration of age-dependent effects, these results represent a substantive contribution to questions about the impact of parental AUD on offspring's likelihood of marriage, particularly given inconsistencies across prior research [8] [9] [10] . We also note that our finding that parental AUD was associated with a lower likelihood of marriage at older ages is consistent with a study of marital attitudes in a sample of never-married college students, which found that those with a parental history of alcohol abuse had more negative opinions about marriage, and a greater desire to wait for marriage [21] .
Next, we asked whether parental AUD was associated with one's likelihood of partnering with an AUD-affected spouse. For males and females, having a parent with AUD was associated with a moderate increase (60 and 62%, respectively) in the probability of having an affected spouse compared to those without such a parent. As with the likelihood of marriage analyses, these effects were stronger for those who had two AUD-affected parents versus one, and held after adjusting for confounders. There were some differences as a function of the affected parent's sex, although in the direction opposite the parental image theory [22] hypothesis that offspring select spouses resembling their opposite sex parent. Specifically, daughters of affected mothers were more likely to have an AUD-affected spouse compared to the daughters of affected fathers. Thus, in contrast to a previously mixed literature on this question [12, 14, 23] , our analyses of population-based data from Sweden provide strong evidence that parental AUD is associated with increased risk of partnering with an affected spouse. Multiple mechanisms may contribute to the parentspouse resemblance for AUD. This may reflect phenotypic selection effects (whereby offspring of AUD-affected parents tend to drink more and select partners who have similar levels of alcohol use) or socialization effects (whereby the offspring of AUD-affected parents are more likely to have AUD themselves, and this in turn has a causal effect on the spouse's risk of becoming AUD-affected) [24] . Because our goal here was to examine whether parental AUD influences marital outcomes, we did not probe the specific selection and socialization mechanisms further. However, we note that parent-spouse AUD resemblance remained significant even after including offspring AUD prior to marriage in the model. This suggests that parental AUD shapes the type of partner one marries even after accounting for the offspring's own premarital AUD phenotype.
Limitations
These results should be interpreted in view of several limitations. First, AUD diagnoses came from population records, and the prevalence of AUD was lower compared to estimates from other epidemiological surveys [25, 26] . The registry-based ascertainment method used here captures the most severely affected individuals, missing individuals with mild to moderate cases of AUD who avoid medical or legal problems. However, there is a high degree of concordance among the registries [27] and the prevalence of ICD AUD in Sweden is similar to that observed here [28] . The inclusion of less severely affected individuals may result in less pronounced effects. Secondly, we included only legally married couples in our analyses. Although 2011 data indicated that the bulk of Swedes over the age of 20 were married or in a civil or registered partnership (44%), cohabiting relationships without marriage were also relatively common (19%) [29] . Whether the pattern of findings generalizes to non-marital cohabiting relationships is unknown. Thirdly, although we have included a series of covariates to assess the unique and specific effects of parental AUD on offspring marital outcomes, as in all observational studies there is risk that our effects are attributable to confounding. Finally, these analyses were limited to native-born Swedes, and may not generalize to other cultures or nationalities.
CONCLUSIONS
Parental AUD has age-dependent associations with likelihood of marriage and is associated with a higher likelihood of marrying an affected spouse in the Swedish population. Above and beyond documenting the legacy of parental AUD on offspring marital outcomes, the results from this study also expand upon the literature showing that a harmonious marriage to a prosocial partner is protective against the development of AUD [6, 7] to demonstrate that not everyone is equally likely to find him-or herself in this type of protective marital environment. Rather, those who are at increased risk of AUD (based on parental history) find themselves in the least protective marital environments. Importantly, parental AUD is not a perfect predictor of offspring marital outcomes, highlighting the importance of identifying the other factors involved in whether, when and to whom one marries. Ultimately, we hope that this knowledge will help clinicians and support groups geared towards the offspring of AUD-affected parents to raise awareness that their family history can shape the types of environments that increase their own risk for AUD.
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